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ABSTRACT 

To a c h i e v e  some u n d e r s t a n d i n g  o f  t h e  r a n g e  of o r b i t a l  
programs a v a i l a b l e  i n  t h e  post-AAP p e r i o d ,  Bellcomm i n i t i a t e d  a 
s t u d y  t o  s e e  if a s p a c e  program c o u l d  be c o n s t r u c t e d  u s i n g  a 
s e r i e s  o f  small s p e c i a l i s t  space  s t a t i o n s .  The expe r imen t  r e -  
q u i r e m e n t s  from t h e  S a t u r n  V Workshop Study were used  t o  s i z e  t h e  
small s p a c e  s t a t i o n  modules .  

The r e s u l t s  showed t h a t  a group of small s p a c e  s t a t i o n s  
c o u l d  economica l ly  s u p p o r t  t h e  maximum expe r imen t  package .  These 
s p a c e c r a f t  would be l aunched  on a T - I I I M ,  and b e  assembled i n  
s p a c e  t h r o u g h  r endezvous  and  dock ing .  The crew a s c e n t  and r e t u r n  
v e h i c l e  was t h e  Gemini-B mod i f i ed  t o  p e r m i t  a f t - e n d  d o c k i n g .  
unmanned l o g i s t i c s  v e h i c l e ,  f l y i n g  on an At l a s -Cen tau r  c l a s s  
v e h i c l e ,  p roved  t o  b e  t h e  most economica l  approach  t o  r e s u p p l y .  

An 

The r e s u l t i n g  s p a c e c r a f t  and l o g i s t i c s  v e h i c l e s  cou ld  
also be u s e d ,  w i t h  on ly  communication sys t em m o d i f i c a t i o n s ,  f o r  
m i l i t a r y  m i s s i o n s .  
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1 . 0  I N T R O D U C T I O N  

A NASA s t u d y  was r e c e n t l y  comple ted  c a l l e d  t h e  S a t u r n  
V Workshop Study which was i n t e n d e d  t o  i d e n t i f y  p o t e n t i a l  e a r t h  
o r b i t a l  s p a c e  programs f o r  t h e  1970 t o  1 9 8 0  p e r i o d .  By d i r e c -  
t i o n ,  one of  t h e  programs to b e  c o n s i d e r e d  was a n e w - s t a r t  
s p a c e  s t a t i o n  l aunched  i n  1 9 7 1  or 72 w i t h  t h e  S a t u r n  V .  

The s t u d y  r e s u l t s  said t h a t  t h e  s p a c e c r a f t  for t h i s  
program s h o u l d  b e  a l a r g e  m u l t i - d i s c i p l i n a r y  s p a c e  s t a t i o n  w i t h  
a s i x  t o  n i n e  man crew. The s t u d y  a l s o  showed t h a t  development  
o f  t h e  e x p e r i m e n t s  and of t h e  l o g i s t i c s  s p a c e c r a f t  would d e l a y  
t h e  f i r s t  f l i g h t  u n t i l  t h e  m i d  7 0 ' s .  The r e s u l t i n g  l a r g e  s ta -  
t i o n  was a l s o  i n c a p a b l e  o f  f l y i n g  a m i l i t a r y  m i s s i o n ,  such  as a 
1 0 0  n.m. p o l a r  o r b i t ,  even  w i t h  a small crew.  

Because o f  these shor t comings ,  i t  seems wor thwhi l e  t o  
seek an  a l t e r n a t e  s p a c e  s t a t i o n  d e s i g n  concept  t h a t  would:  

1. b e  l ess  s e n s i t i v e  t o  t h e  expe r imen t  development  
program, 

2 .  u s e  l o g i s t i c s  v e h i c l e s  w i t h  s h o r t e r  development  
program, 

3 .  b e  c a p a b l e  o f  f l y i n g  a m i l i t a r y  m i s s i o n .  

T h i s  memorandum p r e s e n t s  t h e  r e s u l t s  o f  a s t u d y  to 
f i n d  such  a c o n c e p t ,  and a l s o  shows t h e  r a t i o n a l e  beh ind  many 
o f  t h e  d e c i s i o n s .  A h y p o t h e t i c a l  f l i g h t  program i s  p r e s e n t e d  
a l o n g  w i t h  some p r e l i m i n a r y  development s c h e d u l e s  and c o s t  
e s t i m a t e s .  Remember wh i l e  r e a d i n g  t h i s ,  t h a t  t h e  concept  and 
programs p r e s e n t e d  here a r e  merely a p r o o f  of  f e a s i b i l i t y  and 
p r a c t i c a l i t y .  T h e y  are r e a s o n a b l e  s o l u t i o n s ,  n o t  optimum o n e s .  
You s h o u l d  a l s o  keep i n  mind t h a t  t h e  program i s  n o t  a s t o p -  
gap ,  minimum e f f o r t  program; i t  has t o  meet a comple te  spec-  
t r u m  o f  o b j e c t i v e s - - r e p r e s e n t a t i v e  o f  any l o n g  t e r m  o r b i t a l  
s p a c e  program. 

- 
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2 . 0  GUIDELINES A N D  ASSUMPTIONS 

The p r e s s u r e  o f  t h e  t h r e e  o b j e c t i v e s  l i s t e d  above i s  
toward s e v e r a l  small s p a c e  s t a t i o n s ,  each  devo ted  t o  a r e l a t i v e -  
l y  smal l  group of expe r imen t s .  I n  t h e  f i r s t  p l a c e ,  t h i s  r e d u c e s  
t h e  s e n s i t i v i t y  t o  t h e  exper iment  development because  t h e  e x p e r i -  
ments w i t h  l o n g  l e a d  t imes can be r e s e r v e d  f o r  l a t e r  f l i g h t s ,  
w i t h o u t  i n t e r f e r i n g  w i t h  t h e  e a r l y  e x p e r i m e n t s .  I n  t h e  second 
p l a c e ,  small s t a t i o n s  w i t h  small crews need small l o g i s t i c s  
s p a c e c r a f t ,  and t h i s  s u g g e s t s  t h a t  an  e x i s t i n g  s p a c e c r a f t  such  
as Gemini or Apol lo  may s u f f i c e .  F i n a l l y ,  a small s p a c e  s t a t i o n  
i s  more compa t ib l e  w i t h  e x i s t i n g  pay load  c a p a b i l i t i e s  for m i l i -  
t a r y  m i s s i o n s .  

2 . 1  Launch V e h i c l e  

Ac t ing  on t h e  i dea  tha t  t h e  l aunch  v e h i c l e  c o n t r o l s  
t h e  program, t h e  T i t a n  - T-IIIM was chosen as t h e  l a u n c h  v e h i -  
c l e .  The small  pay load  c a p a b i l i t y  of  t h i s  l aunch  v e h i c l e  w i l l  
keep t h e  s p a c e c r a f t  a t  a r e a s o n a b l y  s m a l l  s i z e .  

However, i f  d u r i n g  the  hardware  development t h e  space -  
c r a f t  becomes t o o  heavy,  t h e  l aunch  v e h i c l e  can be u p r a t e d  i n e x -  
p e n s i v e l y  by a d d i n g  a l a r g e  d i ame te r  c o r e .  T h i s  i d e a  has a l r eady  
been  s t u d i e d  by t h e  Air F o r c e  and it  g i v e s  t h e  program a com- 
f o r t a b l e  s a f e t y  f a c t o r .  Another r e a s o n  for s e l e c t i n g  T - I 1 1  M 
i s  t h a t  t h e  l aunch  f a c i l i t y  f o r  m i l i t a r y  c l a s s  m i s s i o n s  w i l l  
a l r e a d y  b e  a v a i l a b l e .  

2 . 2  Exper iments  

I n  t h e  Workshop Study mentioned e a r l i e r ,  t h r e e  groups  
o f  e x p e r i m e n t s  were i d e n t i f i e d  and c a l l e d  t h e  maximum, medium, 
and  minimum packages .  The names a r e  i n d i c a t i v e  of  t h e  w e i g h t ,  
complex i ty  and development p e r i o d  f o r  t h e  exper iment  p a c k a g e s .  
S i n c e  t h e  l a r g e  m u l t i - d i s c i p l i n a r y  space  s t a t i o n  c o u l d  nomina l ly  
h a n d l e  t h e  comple te  maximum package ,  t h a t  was a l s o  s e l e c t e d  for 
t h i s  s t u d y .  I n  some c a s e s ,  t h e  d e s c r i p t i o n s  of these  e x p e r i -  
ments  seems c o n s e r v a t i v e ,  and i n  o t h e r  c a s e s  o p t i m i s t i c ,  s t i l l  
to a l l o w  a f a i r  comparison,  we d e c i d e d  t o  u s e  t h e  expe r imen t  de- 
s c r i p t i o n s  and da ta  w i t h o u t  q u e s t i o n .  

I n  p l a n n i n g  t h e  program, b iomed ica l  e x p e r i m e n t s  were 
g i v e n  h i g h e s t  p r i o r i t y .  We assumed t h a t  t h e  most i m p o r t a n t  j o b  
f o r  t h e  program was t o  g a i n  e x p e r i e n c e  w i t h  l o n g  term manned 
s p a c e  f l i g h t .  T h i s  e x p e r i e n c e  by i t s e l f  cou ld  n o t  j u s t i f y  a 
comple te  program, o f  course- -o ther  e x p e r i m e n t s  must be  f lown or 
t h e  program i s n ' t  wor thwhi l e .  But i n  c a s e  o f  c o n f l i c t s ,  man- 
i n - s p a c e  expe r imen t s  would take p r e c e d e n t  o v e r  o t h e r  e x p e r i -  
ments .  
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2 . 3  L o g i s t i c s  

Another  g u i d e l i n e  taken  from t h e  Workshop S t u d i e s  was 
a r e s u p p l y  i n t e r v a l  o f  90 days.  I n  many c a s e s ,  i t  i s  n o t  neces -  
s a r y  t o  r e s u p p l y  s o  f r e q u e n t l y ,  b u t  t o  make t h i s  program c o n s i s -  
t e n t  w i t h  t h e  o t h e r  workshop programs w e  assumed a l o g i s t i c s  o r  
r e s u p p l y  l aunch  e v e r y  90  d a y s ,  need  i t  or n o t .  

3 . 0  EXPERIMENT G R O U P I N G  

The expe r imen t  d e s c r i p t i o n s  a re  a v a i l a b l e  i n  f u l l  de-  
t a i l  i n  R e f e r e n c e s  l t h r u  3.  The e x p e r i m e n t s  and a s s o c i a t e d  
w e i g h t s  a r e  p r e s e n t e d  i n  F igu re  1. The weight  da ta  from t h e  
Workshop Study does  n o t  i n c l u d e  any s t r u c t u r a l  s u p p o r t s  which 
may be r e q u i r e d  to connect  t h e  e x p e r i m e n t s  to l o a d  b e a r i n g  
s t r u c t u r e .  I n  some c a s e s  where t h e  e x p e r i m e n t s  a re  mounted i n -  
s i d e  t h e  s p a c e  s t a t i o n  c a b i n ,  no  a d d i t i o n a l  s u p p o r t  w e i g h t s  a r e  
c o n s i d e r e d  because  t h e  s p a c e  s t a t i o n  weight  e s t i m a t e s  i n c l u d e  
an a l lowance  f o r  s u p p o r t  s t r u c t u r e .  Where an a l lowance  f o r  
s u p p o r t  s t r u c t u r e  seemed n e c e s s a r y ,  i t  was u s u a l l y  e s t i m a t e d  
as 5 0 %  o f  t h e  expe r imen t  w e i g h t .  Subsequent  e v a l u a t i o n  o f  t h i s  
approach  has shown t h a t  i t  i s  r e a s o n a b l y  v a l i d .  The one e x p e r i -  
ment t h a t  was n o t  t r e a t e d  t h i s  was t h e  E l e c t r o m a g n e t i c  R a d i a t i o n  
( E M R )  Expe r imen t s .  T h i s  i s  a c o l l e c t i o n  of many r e l a t i v e l y  
l i g h t  s e n s o r s .  Presumably t h e s e  s e n s o r s  can  be  d i s t r i b u t e d  
a round  t h e  s p a c e c r a f t  s t r u c t u r e  w i t h  l i t t l e  more t h a n  s i m p l e  
mounting b r a c k e t s .  It would n o t  b e  n e c e s s a r y  t o  d i s t r i b u t e  a 
c o n c e n t r a t e d  l o a d  t h r o u g h  suppor t  s t r u c t u r e .  And s o ,  t h e  sup-  
port weight  e s t i m a t e s  for t h e  EMR expe r imen t  were r educed  to 
aboi . t  30%. 

The t o t a l  weight  a s s o c i a t e d  w i t h  a g i v e n  expe r imen t  
* - : i '  ? - s i c  expe r imen t  weight p l u s  t h e  s u p p o r t  w e i g h t s .  

he expe r imen t  groupings  have been  changed s l i g h t l y  
'r t h e  'niorkshop S t u d i e s .  This  was done to separate  t h e  man- 

1 v -  I *pace  e x p e r i m e n t s  from t h e  o t h e r  e x p e r i m e n t s  o f  a b i o l o g i c a l  
n a b u r e .  

. '  E x ~ e r i m e n t  Reaui rements  

The o r b i t a l  c h a r a c t e r i s t i c s ,  r e s u p p l y  w e i g h t s ,  man- 
power, and e l e c t r i c a l  power r e q u i r e m e n t s  f o r  each  expe r imen t  
group a re  shown i n  F i g u r e  2 .  These numbers are  used  th rough-  
out t h e  s t u d y  t o  i n s u r e  t ha t  any h y p o t h e t i c a l  c o l l e c t i o n  of  
expe r imen t s  i s  c o n s i s t a n t  w i t h  s p a c e  s t a t i o n  crew s i z e ,  power 
s y s t e m  and l a u n c h  v e h i c l e  l i f t i n g  c a p a b i l i t y .  



FIGURE 1 - EXPERIMENT GROUP WEIGHTS 
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U n c l a s s i f i e d  d a t a  on m i l i t a r y  e x p e r i m e n t s  i s  under -  
s t a n d a b l y  s c a r c e .  The d e s i r a b l e  o r b i t a l  c h a r a c t e r i s t i c s  were 
d e f i n e d ,  however,  by t h e  A i r  Force  d u r i n g  t h e  Wcrkshop Study 
and a r e  t h e r e f o r e  i n c l u d e d .  M i l i t a r y  expe r imen t  w e i g h t s  a re  
s imply  g u e s s e s .  

4.0 LAUNCH VEHICLE DATA 

An i m p o r t a n t  f e a t u r e  o f  t h i s  expe r imen t  l i s t  i s  t h a t  
t h r e e  exper iment  g roups ,  m i l i t a r y ,  e a r t h  l o o k i n g ,  and astronomy 
have s p e c i f i c  and d i f f e r e n t  o r b i t a l  r e q u i r e m e n t s .  T h i s  i m p l i e s  
t h a t  m i l i t a r y ,  e a r t h  l o o k i n g ,  and astronomy m i s s i o n s  s h o u l d  
always be  on s e p a r a t e  f l i g h t s .  Because of  s e c u r i t y  p rob lems ,  
t h e  m i l i t a r y  m i s s i o n  w i l l  p robably  n e v e r  have a c i v i l i a n  e x p e r i -  
ment a l o n g  w i t h  i t ,  anyway. Consequent ly  , t h e  m i l i t a r y  e x p e r i -  
ment a l w a y s  f l i e s  a l o n e  on a m i l i t a r y  m i s s i o n .  The c i v i l i a n  
e x p e r i m e n t s  can  share f l i g h t s ,  b u t  w i t h  t h e  f o l l o w i n g  p r o v i -  
s i o n s  : 

1. man-in-space expe r imen t s  are  on - a l l  f l i g h t s ,  

2. astronomy and e a r t h  l o o k i n g  e x p e r i m e n t s  do n o t  f l y  
on t h e  same f l i g h t .  

The l a s t  p r o v i s i o n  c o u l d  b e  avoided  by compromising t h e  e x p e r i -  
ments s l i g h t l y  and f l y i n g  a mis s ion  w i t h  h y b r i d  o r b i t  c h a r a c t e r -  
i s t i c s .  Keeping t h e  h i g h  a l t i t u d e  d e s i r e d  by astronomy and t h e  
h i g h  i n c l i n a t i o n  d e s i r e d  by e a r t h  l o o k i n g  g i v e s  h y b r i d  m i s s i o n  
c h a r a c t e r i s t i c s  o f  50" i n c l i n a t i o n ,  i ,  and a n  a l t i t u d e ,  h ,  o f  2 0 0  
n a u t i c a l  mi l e s .  

I n  t h e  f i n a l  a n a l y s i s  t h e n ,  t h e r e  a re  f o u r  c l a s s e s  o f  
r , _  -sl?is which are  o f  i n t e r e s t :  

. i .  1 , ! i l i t a r y  i =  90 h = 1 0 0  

2, Astronomy i =  30 h = 2 0 0  

3 .  Z a r t h  Looking i = 50 h = 1 2 5  

4. Hybrid i = 50 h = 2 0 0  

The pay load  c a p a c i t i e s  o f  v a r i o u s  b o o s t e r s  f o r  each  of  t h e s e  
m i s s i o n  c l a s s e s  i s  shown i n  F i g u r e  3 .  Payload  c a p a c i t i e s  f o r  
t h e  T i t a n  m i l i t a r y  m i s s i o n s  assume a l a u n c h  from WTR. The 
same m i s s i o n  w i t h  t h e  S a t u r n  f a m i l y  b o o s t e r s  are l aunched  from 
ETR. The Sat-V numbers assume an o v e r f l y  o f  t h e  N .  Y .  M e t r o p o l i t a n  
a r e a  on t h e  n o r t h e r l y  l aunch ,  and a Cuban o v e r f l y  w i t h  t h e  f i r s t  s t a g e  
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impact  a f e w  m i l e s  from t h e  c o a s t  of Cuba on t h e  s o u t h e r l y  
l a u n c h .  So t r e a t  t h e  quo ted  payload  c a p a c i t i e s  w i t h  c a u t i o n .  
Even t h e  INT-20 l aunch  r e q u i r e s  a Cuban o v e r f l y  b u t  t h e  s t a g -  
i n g  i s  d i f f e r e n t  s o  f i r s t  s t a g e  impact  i s  n o t  a problem. 

l a n t  r e q u i r e m e n t s  f o r  t h e  v a r i o u s  m i s s i o n  c l a s s e s .  The m i l i t a r y  
and e a r t h  l o o k i n g  m i s s i o n s  a r e  flown w i t h  t h e  a x i s  o f  t h e  space  
s t a t i o n  p a r a l l e l  t o  t h e  v e l o c i t y  meter (be l ly -down) .  The a s t r o -  
nomy m i s s i o n  i s  f lown w i t h  a n  q u a s i - i n e r t i a l  o r i e n t a t i o n  and 
t h e  a x i s  o f  t h e  s p a c e  s t a t i o n  i n  t h e  o r b i t  p l a n e ,  ( a x i s - i n -  
p l a n e ) .  A s  t h e  o r b i t  p l a n e  p r e c e s s e s ,  t h e  a x i s  o f  v e h i c l e  w i l l  
d e v i a t e  f rom t h e  o r b i t  p l a n e .  P e r i o d i c  c o r r e c t i o n s  a re  made t o  
b r i n g  t h e  a x i s  back i n t o  p l a n e ;  b u t  between c o r r e c t i o n s  t h e  
v e h i c l e  i s  i n e r t i a l l y  o r i e n t e d ,  hence  t h e  t e r m  q u a s i - i n e r t i a l .  
On t h e  a v e r a g e  t h e  v e h i c l e  axis  i s  i n  t h e  o r b i t  p l a n e .  

The h y b r i d  m i s s i o n  i s  f lown a x i s - i n - p l a n e  80% o f  t h e  
t i m e  and belly-down 20% of t h e  t i m e .  The I assumed f o r  t h e  

o r b i t  k e e p i n g  p r o p u l s i o n  was 340 s e c - - t y p i c a l  o f  e a r t h  s t o r -  
ab l e s .  The p r o p u l s i o n  r e q u i r e m e n t s  do n o t  c o n s i d e r  any s o l a r  
p a n e l  d r a g .  

Also shown on F i g u r e  3 are t h e  o r b i t  k e e p i n g  p r o p e l -  

SP 

5.0 CREW R O T A T I O N  ANALYSIS 

The crew r o t a t i o n  a n a l y s i s  i s  based on t h e  assump- 
t i o n  t h a t :  

1 0  t h e  u l t i m a t e  b iomed ica l  g o a l  i s  t o  q u a l i f y  men for 
i n t e r - p l a n e t a r y  f l i g h t ,  b y  k e e p i n g  them i n  o r b i t  f o r  
two c c n t i n u o u s  y e a r s .  

'9- minimum b,omedical sample i s  two men. 

3 .  :'Ler a f l i g h t  t l i i r t y  d a y s  a re  r e q u i r e d  on t h e  ground 
, \)r a tho rough  med ica l  a n a l y s i s .  

4 .  e ach  new f l i g h t  may be t w i c e  as l o n g  as t h e  p r e v i o u s  
one .  

5 .  t h e  A A P  program has p r o v i d e d  f l i g h t  d u r a t i o n s  of  
abou t  6 0  days .  

To s t a r t  o f f ,  assume t h a t  a s i x  man s p a c e  s t a t i o n  has been 
l aunched  and  manned. Each c r e w  member s t a r t s  h i s  exposure  a t  
t h e  same t i m e .  Because of  AAP e x p e r i e n c e ,  and d o u b l i n g  r e -  
q u i r e m e n t ,  e a c h  of t h e s e  men may s t a y  up 120 days .  We c a n ' t  



BELLCOMM, INC.  - 6 -  

j u s t  b r i n g  one p a i r  back a t  t h e  end of  1 2 0  d a y s ,  however,  be- 
c a u s e  t h e  o t h e r s  would o v e r s t a y  t h e i r  a l l o t m e n t  w h i l e  w a i t i n g  
f o r  t h e  30 d a y  med ica l  a n a l y s i s .  T h i s  means t h e  f i r s t  p a i r  
must r e t u r n  a t  t h e  end of  90 days s o  t h a t  t h e  m e d i c a l  a n a l y s i s  
and a p p r o v a l  f o r  a l o n g e r  f l i g h t  may b e  completed b e f o r e  t h e  
1 2 0  d a y  t ime  l i m i t .  S i n c e  t h i s  f i rs t  p a i r  has been  i n  o r b i t  
for 9 0  d a y s ,  t h e  subsequen t  approva l  w i l l  b e  f o r  1 8 0  d a y s .  

By t h e  same l i n e  o f  r e a s o n i n g ,  t h e  second p a i r  must 
come down 30 days  b e f o r e  t h e  180  d a y s  are up,  t h a t  i s  a f t e r  
1 5 0  d a y s .  And t h e  subsequen t  a p p r o v a l  w i l l  be f o r  300 d a y s .  

Each t i m e  a p a i r  o f  crewmen i s  b rough t  back a f r e s h  
p a i r  takes  t h e i r  p l a c e .  Because o f  t h i s  t h e  f i n a l  p a i r  f rom 
t h e  o r i g i n a l  crew o f  s i x  may s t a y  t h e  f u l l  300 d a y s .  The 
o t h e r  f o u r  men w i t h  them have n o t  been  up anywhere n e a r  300 
d a y s  when r e t u r n  t i m e  a r r i v e s ,  s o  no a l lowance  f o r  t h e  m e d i c a l  
exam t i m e  i s  r e q u i r e d .  

These r o t a t i o n  r e q u i r e m e n t s  are shown i n  ba r  c h a r t  
form on F i g u r e  4 .  

The program has b e e n  e x t r a p o l a t e d  t o  a t o t a l  exposure  
t i m e  f o r  two crewmen o f  7 3 0  days ( 2  y e a r s ) .  The number a t  t h e  
f r o n t  o f  t h e  b a r  i d e n t i f i e s  t h e  crewman, and t h e  number a t  t h e  
end shows h i s  t o t a l  exposure  t i m e .  The i m p o r t a n t  f e a t u r e s  o f  
t h i s  program, w i t h  a s i n g l e  6 man s t a t i o n ,  a r e :  

1. 1 4  a s t r o n a u t s  a re  needed to comple te  t h e  program. 

2 .  t h e  hardware must be good f o r  29  months.  

3 .  on ly  4 crew r o t a t i o n  l a u n c h e s  a r e  r e q u i r e d  o v e r  a 
2 y e a r  p e r i o d .  

I f  t h e  s t a t i o n  were an e i g h t  man s t a t i o n ,  two more h o r i z o n t a l  
bars cou ld  be added a t  t h e  top  of t h e  f i g u r e .  I n  e s s e n c e  t h e s e  
two crewmen cou ld  s t a y  i n  t h e  s t a t i o n  as long  as i t  was i n  or- 
b i t .  The r e q u i r e d  crew r o t a t i o n s  c o u l d  b e  made w i t h  t h e  o t h e r  
s i x  men. So two y e a r s  exposure  w i t h  a n  e i g h t  man s p a c e  s t a t i o n  
c o u l d  b e  a c h i e v e d  i n  on ly  24  months. The on ly  hope for f u r t h e r  
r e d u c t i o n s  i n  t h e  l e n g t h  of  t h e  program i s  to r educe  t h e  m e d i c a l  
r e q u i r e m e n t s  . 

Obviously two f o u r  man s t a t i o n s  l aunched  a t  t h e  same 
t i m e  a re  t h e  same as a s i n g l e  e i g h t  man s t a t i o n .  I f ,  however,  
one of  t h e  two s t a t i o n s  i s  launched  a few months l a t e r  t h a n  t h e  
o t h e r ,  t h e  t o t a l  program i s  l eng thened  by t h e  d i f f e r e n c e  i n  t h e  
l a u n c h  da t e .  
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The idea  o f  s t a g g e r e d  l a u n c h e s  t u r n s  o u t  t o  be  u s e f u l  
i n  a d i f f e r e n t  way .  Suppose the  f i r s t  f o u r  man s t a t i o n  was i n -  
i t i a l l y  l aunched  w i t h  only  two crewmen on b o a r d .  The second 
p a i r  o f  crewmen c o u l d  t h e n  be b rough t  up abou t  30 days  l a t e r .  
T h i s  would mean t h a t  t h e  f i r s t  p a i r  c o u l d  now s t a y  up f o r  t h e  
f u l l  1 2 0  days .  
a p p r o v a l  would b e  f o r  2 4 0  days,  n o t  t h e  180  days  r e a l i z e d  when 
a l l  t h e  crewmen were launched  a t  once .  The n e t  r e s u l t  of a l l  
t h i s  i s  t h a t  one l e s s  crew r o t a t i o n  l a u n c h  i s  r e q u i r e d .  T h i s  
i s  shown on F i g u r e  5 .  

And a f t e r  t h e  f i r s t  m e d i c a l  a n a l y s i s ,  t h e  

S i m i l a r  a n a l y s e s  can b e  conducted  f o r  d i f f e r e n t  crew 
s i z e s .  
6 .  The r e s u l t s  g e n e r a l l y  show t h a t  i f  a two y e a r  l i f e t i m e  i s  
imposed on t h e  hardware ,  t h e n  e i t h e r  a la rge  8 man s p a c e  s t a t i o n  
i s  needed or m u l t i p l e  launches  a r e  r e q u i r e d .  

A summary of t h e  g e n e r a l  c o n c l u s i o n s  i s  g i v e n  i n  F i g u r e  

We m i g h t  a l s o  i n f e r  t h a t  subsys tems s h o u l d  b e  d e s i g n e d  
w i t h  a 33 month l i f e t i m e  r a t h e r  t h a n  2 4 .  
some f l e x i b i l i t y  i f  i t  became n e c e s s a r y  t o  j u g g l e  t h e  crew ro- 
' ; a t ion  s c h e d u l e  l a t e r  i n  t h e  program. 
I i f f ' i cu l t  j o b  because  most subsystems must be m a i n t a i n a b l e  t o  
s t a y  a l i v e  f o r  even  two y e a r s .  An e x t e n s i o n  t o  33 months i n  
P'an'r c a s e s ,  would s imply  mean t h a t  more s p a r e  pa r t s  must be  
( ;arr ied a l o n g .  

T h i s  would p r o v i d e  

And i t  may n o t  be a ve ry  

T h i s  approach  to crew r o t a t i o n  a n a l y s i s  i s  a p p l i c a b l e  
to a lmos t  any program p l a n n i n g  e x e r c i s e ,  b u t  u s e  t h e  r e s u l t s  
w i t h  c a u t i o n .  

I f ,  f o r  exalnple man had been  exposed  f o r  90 or 1 2 0  days  
, -- - i s  program t h e n  t h e  crew r o t a t i o n  and hardware l i f e -  

They may be very s e n s i t i v e  t o  t h e  i n i t i a l  assump- 
' 1  c,, 

. .  

- : zments would change c o n s i d e r a b l y .  

Srogran, L i e s c r i p t i o n  w i l l  o b v i o u s l y  c o n s t r a i n  t h e  
~ . tn- ?-:ice s t a t b n  module.  I t  seems r e a s o n -  

c 1- d 

dcTTeiopment s c h e d u l e ,  and c o s t s .  

!-%c a ~ r '  . r3 t beg5 x i t h  a d e s c r i p t i o n  o f  t h e  program and 
rezs  t <  tile s p a c e  k?,t ion d e s i g n  c o n c e p t s ,  l aunch  s c h e d u l e ,  

The w e i g h t s  a s s o c i a t e d  w i t h  t h e  v a r i o u s  expe r imen t  
g roups  show t h a t  t h e  space  s t a t i o n  must s u p p o r t ,  i n  t h e  w o r s t  
c a s e ,  c o l l e c t i o n s  of expe r imen t s  t h a t  weigh 1 4  to 1 8  thousand  
pounds.  
r e s p e c t i v e l y .  
ment w e i g h t s ,  and any r e a s o n a b l e  p r e m o n i t i o n  o f  what tile space  
s t a t i o n  and r e - e n t r y  s p a c e c r a f t  might  weigh,  lead i n e v i t a b l y  to 

These are t h e  astronomy and p h y s i c a l  s c i e n c e s  e x p e r i m e n t s  
These we igh t s  coup led  w i t n  t h e  man-in-space e x p e r i -  
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FIGURE 6 - PROGRAM CHARACTERISTICS 

2 YEAR MAN QUALIFICATION 

NUMBER OF 
STATIONS 

CREW 
SIZE 

PROGRAM 
DURATION (MONTHS 

STATION DESIGN 
LIFE (MONTHS ) 

2* 

2** 

33  

29 

24 

24 

24+x 

3 3  

29 

2 4  

2 4  

2 4  

*Simul taneous  Launch 

**Staggered  Lau.-ich w i t h  X Months Between 

Note:  If m i s s i o n  i s  open ended with a c e n t r i f u g e  - b o t h  program 
d u r a t i o n  and d e s i g n  l i f e  are  24 months r e g a r d l e s s  o f  crew 
s i z e  or nuxber  of  s t a t . i o n s .  
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t h e  c o n c l u s i o n  t ha t  m u l t i p l e  l aunches  of  t h e  T - I I I M  w i l l  be  
r e q u i r e d .  One T i t an - I I IM simply c o u l d  n o t  l i f t  t h e  e x p e r i m e n t s  
p l u s  t h e  space  s t a t i o n  p l u s  t h e  r e - e n t r y  s p a c e c r a f t .  These 
heavy expe r imen t  groups  must b e  s u b d i v i d e d .  

Along t h e  same l i n e s ,  t h e  crew r o t a t i o n  a n a l y s i s  
i n d i c a t e s  t ha t  two four-man space s t a t i o n s  are  d e s i r a b l e .  But 
a s i n g l e  four-man space  s t a t i o n  module i s  t o o  heavy f o r  t h e  
T - I I I M .  T h i s  coup led  w i t h  t h e  l a r g e  expe r imen t  we igh t s  
s u g g e s t  t h a t  2 two-man s p a c e  s t a t i o n  modules b e  u s e d .  The 
two modules would e a c h  c a r r y  p a r t  o f  t h e  expe r imen t  l o a d ,  and 
would be docked t o g e t h e r  i n  space  t o  become a s i n g l e  4 man 
st a t  i o n .  

T h i s  approach  w i l l  work f i n e  f o r  a l l  t h e  expe r imen t  
g roups  e x c e p t  as t ronomy.  I t ' s  s t i l l  t o o  heavy,  even  when s p l i t  
i n  two.  The approach  used  h e r e  was a s e p a r a t e  as t ronomy mod- 
u l e  t h a t  was l aunched  on a t h i r d  T - I I I M .  S i n c e  t h e  astronomy 
module has no e n t r y  v e h i c l e  o r  o t h e r  e x p e r i m e n t s  a s s o c i a t e d  
w i t h  i t ,  i t  i s  w e l l  w i t h i n  t h e  T - I I I M  l a u n c h  c a p a b i l i t y .  And 
because  t h e  o t h e r  two modules no l o n g e r  c a r r y  p a r t  o f  t h e  
astronomy expe r imen t ,  t h e y  can be  used  t o  c a r r y  some o t h e r  
expe r imen t  g roup .  

The r e s u l t i n g  program i s  summarized on F i g u r e  7 .  
The f i r s t  m i s s i o n  i n v o l v e s  2 l a u n c h e s ,  one for each  two-man 
module.  The second  m i s s i o n  i s  t h e  astronomy m i s s i o n  we've 
d i s c u s s e d  and i n v o l v e s  3 launches--2 f o r  each  manned module, 
and 1 f o r  t h e  unmanned astronomy module. The t h i r d  m i s s i o n ,  
l i k e  t h e  f i r s t ,  needs  2 l a u n c h e s ,  b u t  on ly  t h e  f i r s t  l aunch  
i s  manned. The f o u r t h  mis s ion  i s  a s i n g l e  manned l aunch  w i t h  
o n l y  t h e  m i l i t a r y  exper iment .  on boa rd .  

The crew r o t a t i o n  l aunches  are conducted  w i t h  a 
Gemini-B mod i f i ed  t o  a l l o w  r-3ndezvous and a f t - e n d  dock ing .  
The crew i s  t r a n s f e r r e d  thrnugh 2 t E n n e l  pene t . ra t ing  t h e  heat, 
s h i e l d ,  much t h e  same as t h e  c u r r e n t  MOL a r r angemen t .  T h i s  
v e h i c l e  i s  r e f e r r e d  t o  as t h e  manned l o g i s t i c s  s p a c e c r a f t .  

6 . 1  Module Weights 

Befo re  d e f i n i n g  t h e  we igh t  breakdown f o r  each  o f  t h e  
m i s s i o n s ,  a b r i e f  d e s c r i p t i o n  o f  t h e  two-man modules i s  worth- 
w h i l e .  Each module i s  complete  w i t h  e n v i r o n m e n t a l  c o n t r o l ,  
l i f e  s u p p o r t ,  power, and o t h e r  subsys tems r e q u i r e d  f o r  indepen-  
d e n t  o p e r a t i o n  w i t h  2 men onboard.  To e a s e  o r b i t  k e e p i n g  p ro -  
p e l l a n t  r e q u i r e m e n t s ,  t o  s i m p l i f y  t h e  a t t i t u d e  c o n t r o l  r e q u i r e -  
ments  and t o  r educe  t h e  l i f e  s u p p o r t  power r e q u i r e m e n t s ,  a 3 
k i l o w a t t  Bray ton- I so tope  power sys t em was s e l e c t e d .  The power 

. 



FIGURE 7 - PROGRAM ELEMENTS 
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r e q u i r e m e n t s  for the  l i f e  s u p p o r t  sys tem are r educed  b y  u s i n g  
h i g h  t e m p e r a t u r e  waste heat  from t h e  Bray ton  Cycle  to d e s o r b  
t h e  s i l i c a  g e l  and m o l e c u l a r  s i e v e  beds ,  Using t h i s  approach ,  
t h e  two man l i f e  s u p p o r t  system can  o p e r a t e  on abou t  1 k w .  I f  
two s p a c e  s t a t i o n  modules a r e  u s e d ,  on ly  s p a r e  p a r t s  are need- 
ed  f o r  the  power sys t em,  because one module can  borrow power 
from t h e  o t h e r  i f  a breakdown o c c u r s .  I f  a module i s  f l y i n g  
a l o n e ,  r edundan t  e l emen t s  must b e  added to t h e  power sys t em 
to p r o v i d e  power w h i l e  r e p a i r i n g  t h e  f a i l u r e .  Power sys t em 
w e i g h t s  f o r  a 5 kw B r a y t o n / I s o t o p e  s y s t e m ,  and the  3 kw s y s t e m  
w e i g h t s  which were d e r i v e d  f r o m  them are shown i n  F i g u r e  8 .  

The ECLSS i s  a c l o s e d  sys tem w i t h  S a b a t i e r  oxygen 
r e c o v e r y ,  and a i r  e v a p o r a t i o n  f o r  u r i n e  water r e c o v e r y .  Expend- 
ab le s  a r e  s t o r e d  non-c ryogen ica l ly  ; n i t r o g e n  as ammonia and 
oxygen as water.  T h i s  sys t em i s  d i s c u s s e d  i n  d e t a i l  i n  Refe rence  
4 .  

The module i t s e l f  i s  a b o u t  1 7  f e e t  l o n g  and 15  f e e t  
i n  diameter,  w i t h  f l a t  bu lkheads .  The 1 7  f o o t  l e n g t h  i n c l u d e s  
a 3 f o o t  l o n g  u n p r e s s u r i z e d  s e c t i o n  which c o n t a i n s  t h e  expend- 
ables s t o r a g e  t a n k s  and t h e  e l e c t r i c a l  power s y s t e m .  

Weight estimates f o r  t h e  module are g i v e n  i n  F i g u r e  
9 .  I n  e v o l v i n g  t h e  program, we found a need  for t h r e e  k i n d s  of 
modules : 

1. A module,  c a l l e d  a c o n t r o l  c a b i n ,  which c o n t a i n s  t h e  
communications and data management c e n t e r ,  t h e  guid-  
ance  and c o n t r o l  computers  and o t h e r  g e a r  a s s o c i a t i o n  
w i t h  m o n i t o r i n g  t h e  s t a t u s  o f  t h e  m i s s i o n .  These 
equipments  are lumped unde r  the  h e a d i n g  "mis s ion  
equipment ' '  i n  t h e  weight  breakdown. A l l  s p a c e  s t a t i o n s  
must have a t  l ea s t  one of  t hese  modules .  

2, A module,  c a l l e d  a n  expe r imen t  c a b i n ,  which i s  i d e n t i -  
c a l  t o  t h e  c o n t r o l  c a b i n  e x c e p t  t h a t  i t  c o n t a i n s  no 
m i s s i o n  equipment .  Both t h e  c o n t r o l  and expe r imen t  
c a b i n s  have  a l l  t h e  f a c i l i t i e s  t o  s u p p o r t  2 crewmen. 
The expe r imen t  cab in  has a s l i g h t l y  l i g h t e r  w a t e r  and 
waste management s y s t e m  because  i t  c o n t a i n s  no  zero-g  
shower.  

3 .  A module,  c a l l e d  t h e  expe r imen t  s h e l l ,  which p r o v i d e s  
on ly  a p r e s s u r i z e d  volume. S i n c e  t h e  crew may work i n  
t h i s  module, a tmosphere and e n v i r o n m e n t a l  c o n t r o l  must 
b e  p r o v i d e d .  Some water rrianagement must b e  i n c l u d e d  
to h a n d l e  m e t a b o l i c  w a t e r  condensed from t h e  a tmosphere .  
And s i n c e ,  w i t h  a c l o s e d - l i f e  s u p p o r t  sys t em,  consum- 
ab les  a re  p r i m a r i l y  f o r  l eaks ,  t h i s  module must c a r r y  



FIGURE 8 - ESTIMATED POWER SYSTEM WEIGHTS 
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FIGURE 9 - MODULE WEIGHTS 
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a f u l l  l o a d  of atmoshpere consumables .  The w e i g h t  
breakdown shows t h e  exper iment  s h e l l  w i t h o u t  a power 
sys t em,  a l t h o u g h  t h i s  cou ld  be  added .  

These t h r e e  module t y p e s  are s imple  d e r i v a t i v e s  of  t h e  
common m i s s i o n  module c o n c e p t .  The b a s i c  module d e s i g n  i s  t h e  
c o n t r o l  c a b i n ,  and t h e  o t h e r  modules are  a c h i e v e d  by s imply  
n o t  i n s t a l l i n g  v a r i o u s  components or subsys t ems .  We can  view 
t h i s  as s t o p p i n g  t h e  assembly p r o c e s s  a t  c e r t a i n  p o i n t s  on 
t h e  a s s e m b l y  l i n e ,  and u s i n g  t h e  p a r t i a l l y  completed v e h i c l e .  
A s p a c e c r a f t  d e s i g n  concept  i s  shown i n  F i g u r e  1 0 .  These 
s k e t c h e s  were e x c e r p t e d  from a r e l a t e d  b u t  separated d e s i g n  
s t u d y  s o  t h e  d e s i g n  d e t a i l s  may n o t  b e  c o m p l e t e l y  a p p r o p r i a t e .  
The c o n c e p t s  are p r e s e n t e d  h e r e  t o  show t h a t  t h e  s i z e  s e l e c t e d  
has some s u p p o r t  from more d e t a i l e d  s t u d i e s ,  and s h o u l d  p r o v i d e  
ample room f o r  t he  n e c e s s a r y  expe r imen t s  and a two man crew. 

A t y p i c a l  module a s  i t  might  l o o k  mounted on t h e  T - I I I M  
i s  shown i n  F i g u r e  11. Hammerheading i s  r e q u i r e d ,  b u t  t h i s  
seems t o  b e  w e l l  w i t h i n  t h e  l i m i t s  d e f i n e d  i n  Refe rence  5 ,  b y  
t he  M a r t i n  Co. 

6 . 2  M i s s i o n  D e s c r i p t i o n s  

The m i s s i o n s  d e s c r i b e d  below are  l aunched  w i t h  6 months 
wor th  of  o r b i t  k e e p i n g  p r o p e l l a n t .  T h i s  i s  sa fe  i n  l i g h t  of  
t h e  90 day r e s u p p l y  i n t e r v a l ,  b u t  i n  a c t u a l  f a c t ,  t h e  o r b i t  
k e e p i n g  p r o p e l l a n t s  would b e  l oaded  t o  t h e  l i m i t  of  t h e  b o o s t e r  
c a p a b i l i t y .  

Mis s ion  one i s  a two l a u n c h  m i s s i o n ,  which h a n d l e s  t h e  
e a r t h  l o o k i n g ,  b i o l o g y ,  and man-in-space e x p e r i m e n t s .  Both 
l a u n c h e s  are  manned, and rendezvous and dock ing  i s  used  to 
assemble  a s i n g l e  f o u r  man space  s t a t i o n .  The l a u n c h e s  are  con- 
s i d e r e d  s i m u l t a n e o u s ,  however, t h e  f i r s t  module l aunched  i s  t h e  
c o n t r o l  c a b i n ,  complete  w i t h  o r b i t  k e e p i n g  p r o p u l s i o n .  If a 
d e l a y  i n  t h e  second l aunch  o c c u r s ,  t h e  f i r s t  module up can  main- 
t a i n  i t s e l f  u n t i l  t h e  second module a r r i v e s .  The we igh t  b reak -  
down for t h i s  m i s s i o n  i s  shown i n  F i g u r e  1 2 .  

Someone i s  bound to n o t i c e  t h a t  t h i s  s p a c e  s t a t i o n  does 
n o t  have r edundan t  e n t r y  v e h i c l e s ,  s o  a word abou t  t h a t  and 
t h e  a s s o c i a t e d  s a f e t y  problem i s  i n  o r d e r .  To b e g i n  w i t h ,  s a f e t y  
c o n s i d e r a t i o n s  s a y  t h a t  no s i n g l e  f a i l u r e  s h o u l d  d e s t r o y  t h e  
c r e w ' s  a c z e s s  t o  an  e n t r y  veh ic l e - - so  l e t ' s  examine t h e  e x i s t i n g  
d e s i g n  to s e e  i f  t h i s  i s  v i o l a t e d .  

If a v i t a l  or c a t a s t r o p h i c  f a i l u r e  o c c u r s  i n  t h e  s p a c e  
s t a t i o n ,  t h e  e n t r y  module, with i t s  comple t e ly  s e p a r a t e  s y s t e m s ,  
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F I G U R E  1 2  - M I S S I O N  1 
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MAN-HOURS/QTR, r e q u i r e d  

MAN-HOURS/QTR, s u p p l i e d  

MAXIMUM POWER R E Q U I R E D  ( e x p t s )  

POWER S U P P L I E D  ( e x p t s )  

4,000 

4,700 

33,100 33,800 

2,900 2,200 

36,000 36,000 

2,273 ( e x p e r i m e n t s  o n l y )  

3,120 ( t o t a l )  

4 , 7 0 0  wat ts  ( e v e r y t h i n g  on )  

3,000 watts ( c o n t i n u o u s )  
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s h o u l d  s t i l l  be o p e r a b l e  and t h e  crew c o u l d  g e t  to i t  e i t h e r  
t h r o u g h  t h e  t r a n s f e r  t u n n e l  or t h r o u g h  EVA. If someth ing  has 
happened t o  t h e  e n t r y  v e h i c l e ,  t he  crew can  s imply  s t a y  i n  t h e  
s p a c e  s t a t i o n  u n t i l  a new unmanned e n t r y  v e h i c l e  can  b e  s u p p l i e d  
from e a r t h .  T h i s  means t h a t  t h e  s p a c e  s t a t i o n  must have a d e s i g n  
l i f e  l o n g e r  t h a n  t h e  program l i f e  t o  c o v e r  t h e  u n l i k e l y  e v e n t  
t h a t  t h e  e n t r y  v e h i c l e  f a i l s  r i g h t  a t  t h e  end o f  t h e  program. 

The crew i s  v u l n e r a b l e  t o  a s t a t i o n  f a i l u r e  w h i l e  
w a i t i n g  f o r  t h e  a r r i v a l  of a new e n t r y  v e h i c l e ,  b u t  t h i s  i s  
r e a l l y  a problem of doub le  f a i l u r e s - - e n t r y  v e h i c l e  p l u s  space  
s t a t i o n .  

Beyond t h a t ,  t h e r e  i s  e v e n  some c o n f u s i o n  about  what 
t h e  s a f e t y  problem i s .  A i r l i n e  p a s s e n g e r s ,  l i g h t  p l a n e  p i l o t s ,  
and f i g h t e r  p i l o t s  do not c a r r y  d e f e n s e  a g a i n s t  abnormal o p e r a -  
a t i o n .  (For a f i g h t e r  p i l o t  t o  b e  s h o t  down i s  n o t  abnormal ,  
t h e r e f o r e ,  h i s  c h u t e  i s  s imply a n  a l t e r n a t e  mode of  o p e r a t i n g .  
H e  does  n o t  c a r r y  a second c h u t e  as p r o t e c t i o n  a g a i n s t  abnormal  
c h u t e  o p e r a t i o n . )  

Although t h e  s a f e t y  r e q u i r e m e n t s  need  b e t t e r  d e f i n i -  
t i o n , i n  t h e  f i n a l  a n a l y s i s ,  redundant  e n t r y  v e h i c l e s  d i d  n o t  
seem n e c e s s a r y  s o  t h e y  a r e  not  c o n s i d e r e d  he re .  If t h e y  must 
b n  i n c l u d e d ,  t h e n  a s e p a r a t e  l aunch  u s i n g  t h e  Gemini l aunch  
v e h i z l e  may be  r e q u i r e d .  S u f f i c e  i t  t o  say  t h a t  t he re  are  
s o l u t i o n s  t o  t h e  s a f e t y  problem, regardless  o f  i t s  u t i l m a t e  
d i s p o s i t i o n .  

- 

Miss ion  two i s  b a s i c a l l y  t h e  astronomy m i s s i o n ,  b u t  
a l s o  i n c l u d e s  man-in-space, and advanced t e c h n o l o g y .  The f i r s t  
l a u n c h  i s  a c o n t r o l  c a b i n  c o n t a i n i n g  t h e  t echno logy  p a r t  o f  t h e  
advanced t echno logy  expe r imen t .  The second l aunch  i s  a n  e x p e r i -  
ment c a b i n  c o n t a i n i n g  t h e  l i f e - s u p p o r t  pa r t  of t h e  advanced 
teck;?ology e x p e r i m e n t ,  p l u s  t h e  man-in-space e x p e r i m e n t s .  The 
f i n a l  l aunch  i s  a n  unmanned astronomy module.  The weight  a l low-  
a;ice f o r  t h e  module i s  t h e  weight  o f  an  expe r imen t  s h e l l ,  a l -  
though some p r e l i m i n a r y  a n a l y s e s  i n d i c a t e  t h a t  t h i s  number may 
be too h i g h .  I n  any c a s e ,  a n o t h e r  l a u n c h  would s t i l l  b e  needed ,  
a l t h o u g h  a smaller weight  for t h e  module might mean a c h e a p e r  
l a u n c h  v e h i c l e .  The m i s s i o n  two weight  breakdown i s  g i v e n  i n  
F i g u r e  1 3 .  

The o r b i t a l  assembly  o p e r a t i o n s  a re  shown s c h e m a t i c a l l y  
i n  F i g u r e  1 4 .  The two manned modules are  l aunched  f i r s t  and 
are docked base - to -base .  The Gemini s p a c e c r a f t  on one end  i s  
t h e n  manned, f lown around and docked t o  one of t h e  docking  p o r t s  
on t he  s i d e  o f  t h e  c a b i n .  The a d a p t e r  s e c t i o n  which connec ted  
t h e  Gemini t o  t h e  s t a t i o n  module d u r i n g  l a u n c h  is t h e n  j e t i s o n e d ,  
e x p o s i n g  t h e  main docking  s t r u c t u r e .  The astronomy module i s  



FIGURE 13 - MISSION 2 

Astronomy, Man-In-Space, Advance Technology 
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PAYLOAD M A R G I N  
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34,600 
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I AN- 3URS/QTR, r e q u i r e d  

KAP-FOUX3/QTR , s u p p l i e d "  

""P':TMUM POWER REQUIRED ( e x p t s )  

P3'di,R SUPPLIED ( e x p t s )  

35,500 35 J 500 35,500 

3,482 ( e x p e r i m e n t s  o n l y )  

3,120 ( t o t a l  working h o u r s )  

2,160 watts  ( e v e r y t h i n g  o n )  

j,000 watts  ( c o n t i n u o u s )  

* Requires reduced  accomplishment r a t e  or more a u t o m a t i o n .  
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t h e n  l aunched  and rendezvoused w i t h  t h e  aseembled s t a t i o n .  
Docking i s  per formed w i t h  t h e  astronomy module as t h e  p a s s i v e  
e lement  and t h e  s t a t i o n ,  guided by t h e  a s t r o n a u t s ,  as t h e  
a c t i v e  e l e m e n t .  

Mis s ion  t h r e e  conducts  t h e  p h y s i c a l  s c i e n c e s  and  t h e  
man-in-space e x p e r i m e n t s .  The f i r s t  l aunch  i s  a c o n t r o l  
c a b i n  c o n t a i n i n g  t h e  man-in-space e x p e r i m e n t s .  T h i s  i s  n o t  
a b s o l u t e l y  n e c e s s a r y  s i n c e  t h e  f i r s t  two m i s s i o n s  p r o v i d e  
two four-man space  s t a t i o n s ,  and t h i s  i s  enough to g a t h e r  a l l  
t h e  d e s i r e d  man-in-space da ta .  S t i l l  one ground r u l e  was 
t h a t  a l l  NASA m i s s i o n s  would i n c l u d e  t h e  man-in-space e x p e r i -  
ments ,  s o  t h e y  are i n c l u d e d  h e r e .  The second  l aunch  i s  a n  
unmanned expe r imen t  s h e l l  c o n t a i n i n g  t h e  p h y s i c a l  s c i e n c e s  
e x p e r i m e n t .  It a l s o  has  a power s u p p l y  added to t he  e x p e r i -  
ment s h e l l  because  t h e  p h y s i c a l  s c i e n c e s  expe r imen t s  promise  
t o  consume l a r g e  amounts of power. The r e s u l t i n g  s t a t i o n  i s  
a two-man s t a t i o n  and i s  c o n s i s t e n t  w i t h  t h e  man-hour e s t i -  
mates for t h e  p h y s i c a l  s c i e n c e s  e x p e r i m e n t s .  A weight  b reak -  
down i s  g i v e n  i n  F i g u r e  1 5 .  

The f o u r t h  m i s s i o n  i s  t h e  m i l i t a r y  m i s s i o n ,  and ,  b y  
e d i c t ,  must i n v o l v e  on ly  one l aunch .  High o r b i t - k e e p i n g  p ro -  
p e l l a n t  r e q u i r e m e n t s ,  coupled  w i t h  t h e  low pay load  c a p a c i t y  
f o r  t h e  m i l i t a r y  o r b i t ,  make it  i m p o s s i b l e  to c a r r y  a s i g n i f i -  
c a n t  amount of expe r imen t s  a long  w i t h  t h e  normal  expandab les  
l o a d .  Consequent ly  a l l  expendables  ,--atmosphere , food  and pro-  
p e l l a n t s , - - a r e  r educed  to match  some i n i t i a l  small  m i s s i o n  
d u r a t i o n .  Subsequent  r e supp ly  can  e x t e n d  t h e  m i s s i o n  d u r a t i o n  
as f a r  as r e q u i r e d .  A d e t a i l e d  we igh t  breakdown f o r  a 4 month 
and a 2 month i n i t i a l  d u r a t i o n  are g i v e n  i n  F i g u r e  1 6 .  

The NASA m i s s i o n s  can be combined i n t o  a comple te  pro-  
& LT, u s i ~ g  t h e  crew r o t a t i o n  a n a l y s i s  d e s c r i b e d  e a r l i e r .  T h i s  
.: unown i n  F i g u r e  1 7 .  The  m i l i t a r y  program i s  no t  shown s i n c e  
i t  i s  a s e p a r a t e  program from a d i f f e r e n t  l aunch  f a c i l i t y .  The 
l a u n c h  f a c i l i t y  f o r  t h e  NASA program has two pads w i t h  a t u r n -  
a round  t ime  of  30 t o  6 0  d a y s .  

6.7 L o g i s t i c s  

A q u i c k  coun t  shows that  t h e r e  are  19 l o g i s t i c s  l a u n c h e s  
i n  t h i s  program. There would b e  more b u t ,  some of  t h e  crew ro- 
t a t i o n  l a u n c h e s  can  do double  d u t y .  The weight  r e q u i r e m e n t s  f o r  
t h e  l o g i s t i c  l a u n c h e s  i s  shown i n  F i g u r e  1 8 .  

There  are two i m p o r t a n t  f e a t u r e s  o f  t h e  l o g i s t i c s  re-  
q u i r e m e n t s .  F i r s t  t h e  weights a r e  a l l  q u i t e  small--the la rges t  
i s  l e s s  t h a n  4 , 0 0 0  l b s .  Second t h e  l a r g e s t  exper iment  s u p p o r t  
we igh t  i s  abou t  1,300 l b s ,  w h i l e  the  l a r g e s t  p r o p e l l a n t  r e q u i r e -  
ment i s  abou t  2 , 9 0 0  l b s .  I n  o t h e r  words,  one unmanned l o g i s t i c s  
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FIGURE 16 - MISSION 4 
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FIGURE 1 8  - LOGISTICS WEIGHTS 
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v e h i c l e ,  c a p a b l e  of s u p p l y i n g  about  1 , 3 0 0  l b s  o f  expe r imen t  
equipment ( s u c h  as f i l m )  and 2 , 9 0 0  l b s  of  e a r t h  s t o r a b l e  pro-  
p e l l a n t s  would s u f f i c e  f o r  a l l  m i s s i o n s .  

Fo l lowing  t h i s  l i n e  o f  r e a s o n i n g  a l i t t l e  f a r t h e r  
n o t i c e  t h a t  t h e  t o t a l  l o g i s t i c s  c r a f t  w e i g h t s  would f a l l  i n  
t h e  5 , 0 0 0  t o  7 , 0 0 0 . l b s  r a n g e .  T h i s  i s  j u s t  abou t  t h e  l i f t i n g  
c a p a c i t y  o f  t h e  s t a n d a r d  A t l a s  Agena. S i n c e  t h e  Agena i s  5 
f e e t  i n  d i a m e t e r  a 5 f o o t  unmanned l o g i s t i c s  v e h i c l e  seems 
l i k e  a r e a s o n a b l e  approach .  A h y p o t h e t i c a l  d e s i g n  f o r  such  
a v e h i c l e  i s  shown i n  F i g u r e  19. 

The d e s i g n  i n c l u d e s  a data  r e t u r n  c a p s u l e  which i s  
packed w i t h  expe r imen t  s u p p l i e s  b e f o r e  l a u n c h .  The crew removes 
t h e  s u p p l i e s ,  r e p a c k s  t h e  d a t a  d a p s u l e  w i t h  expe r imen t  da ta  and 
r r , a t e r i a l s ,  and j e t t i s o n s  t h e  d a t a  c a p s u l e .  

A t y p i c a l  sequence  of l o g i s t i c s  o p e r a t i o n s  i s  shown i n  
F i g u r e  2 0 .  The c a p s u l e  per forms a rendezvous  w i t h  t h e  space-  
c r a f t  and docks a t  one o f  t h e  docking  p o r t s  on t h e  s i d e  o f  t h e  
module.  The rendezvous  c a p a f l l i t y  i s  i n c l u d e d  i n  t h e  Agena 
v e h i c l e ,  a l t h o u g h  t h e  maneuver i s  c o n t r o l l e d  from t h e  manned 
s t a t i o n .  A l a r g e  p r e s s u r i z a b l e  t r a n s f e r  t u b e  c o n n e c t s  t h e  
c a r g o  compartment t o  the  space  s t a t i o n  c a b i n .  U m b i l i c a l  connec- 
t i o n s  t o  t h e  l o g i s t i c s  w h i c l e  f u e l  t a n k s  can be  made i n  s e v e r a l  
w a y s .  The dock ing  o p e r a t i o n  i t s e l f  c o u l d  j o i n  two q u i c k  d i s -  
connec t  f i t t i n g s  o u t s i d e  t h e  t r a n s f e r  t u b e  or f i t t i n g s  i n s i d e  
t h e  t u b e  c o u l d  be  connec ted  manually by t h e  crew. 

The f i r s t  o p e r a t i o n  i s  t o  t r a n s f e r  p r o p e l l a n t s .  When 
t h i s  i s  comple ted ,  t h e  p r o p e l l a n t  t a n k  i s  s e v e r e d  and t h e  Agena 
backs  away, c a r r y i n g  the  p r o p e l l a n t  t a n k s  and some of t h e  dock- 
i n g  s t r u c t u r e  w i t h  i t .  The  cargo  i s  t h e n  unpacked and t h e  
c p a s u l e  r e l o a d e d  w i t h  d a t a .  The s p a c e  s t a t i o n  i s  t h e n  o r i e n t e d  
f o r  p r o p e r  e j e c t i o n  of t h e  r e - e n t r y  c a p s u l e .  The e n t r y  c a p s u l e  
i t s l e f  c o n t a i n s  a small two a x i s  gyro sys t em t h a t  i s  t h e n  spun 
up u s i n g  s t a t i o n  power. These r u n  on momentum when d i s c o n n e c t e d  
from t h e  s t a t i o n  and w i l l  p r o v i d e  a b o u t  20 minu tes  of i n e r t i a l  
r e f e r e n c e  f o r  t h e  e n t r y  body. A small e n t r y  computer and a 
c o l d  g a s  a t t i t u d e  c o n t r o l  sys tem w i l l  t h e n  o r i e n t  t h e  data  cap- 
s u l e  for t h e  d e - o r b i t  t h r u s t  which i s  d e l i v e r e d  b y  a small  s o l i d  
r o c k e t  motor .  The data c a p s u l e  i s  d e s i g n e d  t o  b e  a e r o d y n a m i c a l l y  
s t a b l e ,  however,  t h e  a t t i t u d e  c o n t r o l  s y s t e m  can  p r o v i d e  c o n t r o l  
d u r i n g  t h e  e a r l y  s t a g e s  of r e - e n t r y .  

Most o f  t h e  remain ing  l o g i s t i c s  dock ing  s t r u c t u r e  e n t e r s  
w i t h  the  data  c a p s u l e .  Any s t r u c t u r e  l e f t  beh ind  i s  e i t h e r  
drawn i n t o  t h e  s p a c e c r a f t  and s towed,  or i s  j e t t i s o n e d  and  a l low-  
ed t o  r e - e n t e r .  To h a s t e n  decay t h e  j . e t t i s o n e d  s t r u c t u r e  may 
be cove red  w i t h  a t h i n  sheet  o f  my la r .  
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The l o g i s t i c s  v e h i c l e  d e s i g n  has n o t  been  pu r sued  
beyond t h e  c o n c e p t u a l  s t a g e ,  s o  many o f  t h e  d e s i g n  d e t a i l s  
a r e  u n d e f i n e d .  But t h e  r e s u l t s  s o  f a r  show t h a t  an a d e q u a t e  
unmanned l o g i s t i c s  v e h i c l e ,  of t h e  k i n d  d e s c r i b e d  h e r e ,  i s  
t e c h n i c a l l y  f e a s i b l e  and would b e  small enough t o  u s e  a l aunch  
v e h i c l e  o f  t h e  Atlas-Agena or At las -Cen tau r  c l a s s .  

7 . 0  COST AND PROGRAM SCHEDULE 

Program c o s t s  and  s c h e d u l i n g  i s  based upon t h e  assump- 
t i o n  t h a t  t h e  new s p a c e c r a f t  modules would b e  s imi la r ,  i n  terms 
o f  t i m e  and d o l l a r s ,  t o  t h e  " C "  workshop o p t i o n  e v a l u a t e d  i n  
t h e  S a t u r n  V workshop s t u d y .  We a l s o  assumed tha t  t h e  i n t e g r a -  
t i o n  and t e s t  ph i lo sophy  for t h e  expe r imen t  packages  would be  
s imi la r .  

Although one of t h e  o r i g i n a l  ideas w a s  t o  p e r m i t  a n  
e a r l y  f i r s t  l aunch  by g roup ing  t h e  expe r imen t s  a p p r o p r i a t e l y ,  
i t  t u r n e d  o u t  t h a t  one of  t h e  l i m i t i n g  expe r imen t s  was t h e  
advanced IMBLMS which goes  on e v e r y  m i s s i o n .  So t h e  d e s i r e d  
s c h e d u l e  s a v i n g s  c o u l d n ' t  be  r e a l i z e d .  

A s  a consequence ,  t h e  expe r imen t  g r o u p i n g  shown i s  
s imply  o r g a n i z e d  by t e c h n o l o g y ,  The program cou ld  be  a c c e l e r -  
a t e d  abou t  6 months by a c c e p t i n g  a n  i n t e r m e d i a t e  IMBLMS d e s i g n ,  
however,  t h i s  would r e q u i r e  re -grouping  t h e  e x p e r i m e n t s  t o  ge t  
t h e  p r i m a t e  expe r imen t  ( a n o t h e r  l ong- l ead  e x p e r i m e n t )  o f f  o f  
t he  f i r s t  l a u n c h .  The program shown has a f i r s t  l aunch  i n  
m i d  '74, t h e  same as t h e  workshop s t u d y .  

A n a l y s i s  showed tha t  T i t a n  I11 v e h i c l e s  and l a u n c h  
f a c i l i t i e s  c o u l d  be e a s i l y  p rov ided  w i t h i n  t h i s  t i m e ,  and s o  
were s c h e d u l e d  t o  b e g i n  as l a t e  as p o s s i b l e  t o  r educe  e a r l y  
e x p e n d i t u r e  r a t e s .  

A new l aunch  f a c i l i t y  a t  ETR and m o d i f i c a t i o n  o f  
e x i s t i n g  pad 4 1  would be r e q u i r e d  t o  s u p p o r t  t h e  d u a l  l a u n c h e s  
n e c e s s a r y  t o  t h e  program. 

S i n c e  docking  c a p a b i l i t y  i s  r e q u i r e d  from the  Gemini-By 
t h e  program i n c l u d e s  an a l lowance  f o r  development and f l i g h t  
t e s t i n g  of  t h e  mod i f i ed  Gemini-B s p a c e c r a f t .  

The program a l s o  i n c l u d e s  development of t h e  unmanned 
lr3i;::stics T p a c e c r a f t ,  f o r  u se  on a n  Atlas-Agena c l a s s  l a u n c h  
v e h i c l e .  
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7 . 1  ANALYSIS 

The c o s t  and s c h e d u l e  d a t a  f o r  t h e  e x p e r i m e n t s  wer'e 
t a k e n  w i t h o u t  change from t h e  S a t u r n  V workshop s t u d y .  Module 

6 6 development c o s t s  were e s t i m a t e d  a t  600  x 1 0  $ w i t h  a 5 0  x 1 0  $ 
u n i t  c o s t .  T h i s  was est imated based  on MORL, EOSS and BSM 
s t u d y  r e s u l t s  ( R e f e r e n c e s  6 ,  7 ,  and 8 ) .  The c o s t s  were t i m e -  
d i s t r i b u t e d  i n  p r o p o r t i o n  to t h e  workshop s t u d y  r e s u l t s .  

Cost of a d u a l  launch  f a c i l i t y  f o r  t h e  T - I I I M  a t  ETR 
was t a k e n  as t h e  t o t a l  o f  a Mar t in  Company e s t i m a t e  f o r  a new 
pad ,  p l u s  t h e  OWS s t u d y  e s t i m a t e  of  mod i fy ing  pad 4 1  f o r  NASA 
u s e .  The same pad i s  used f o r  manned l o g i s t i c s  s p a c e c r a f t  
l a u n c h e s .  

Cost and procurement  t i m e  est imates  for l a u n c h  v e h i c l e  
and Gemini-B s p a c e c r a f t  were p r o v i d e d  by  t h e  r e s p e c t i v e  manu- 
f a c t u r e r s .  

I n  each  c a s e ,  t o t a l  c o s t  f i g u r e s  o b t a i n e d  were a l l o c a t e d  
o v e r  t h e  r e q u i r e d  development t ime  i n  acco rdance  w i t h  a s t a n d a r d  
c o s t  accumula t ion  cu rve  as a means f o r  e s t a b l i s h i n g  y e a r l y  c o s t s .  

The program c o s t s  and s c h e d u l e  a r e  shown i n  F i g u r e  2 1 .  
The c o s t  data i s  p l o t t e d  to show y e a r l y  and c u m u l a t i v e  spend ing  
i n  F i g u r e  2 2 .  

8 . 0  CONCLUSIONS 

The pr imary  c o n c l u s i o n  from t h i s  s t u d y  i s  t h a t  an  ex- 
t e n s i v e  e a r t h  o r b i t a l  program can  e f f e c t i v e l y  be s u p p o r t e d  b y  
t h e  T - I I I M  l aunch  v e h i c l e .  Cietai led a n a l y s i s  o f  t h e  spend ing  
r a t e s  and t o t a l  program c o s t s  show t h a t  t o t a l  program c o s t  and 
peak spend ing  r a t e s  a r e  about  t h e  same f o r  b o t h  t h e  S a t u r n  V 
l aunched  s p a c e c r a f t  and f o r  t h e  small modular s t a t i o n .  The i m -  
p o r t a n t  d i f f e r e n c e  i s  t h a t  t h e  small  modular s t a t i o n , w i t h  e x p e r i -  
ments d i s t r i b u t e d  o v e r  m u l t i p l e  l a u n c h e s l  can  r e spond  to changes 
i n  f u n d i n g  by p o s t p o n i n g  t h e  development o f  e x p e r i m e n t s ,  w h i l e  
c o n t i n u i n g  t h e  development o f  t h e  s p a c e c r a f t .  I n  a d d i t i o n ,  t h e  
s t a t i o n  o r b i t  can  b?  more r e s p o n s i v e  t o  i n d i v i d u a l  exper iment  
r e q u i r e m e n t s .  

The use  o f  t h e  7'-TTIM i s  a l s o  d e s i r a b l e  because  o f  t h e  
T 7Ciy a d a p t i o n  t o  t l i e  r n i l i r ? ; . y  n i s s i o n .  T h i s  might p e r m i t  some 
f; iarlq;- 1 c o o p e r a t i o n  between t h e  A i r  Fo rce  and NASA. I n  a d d i -  
+i.,)r, t h e  p o t e n t i a l  u p r a t i n g  o f  t h e  T-IIIM by a d d i n g  a l a r g e  
di-imeti-2 c o r e  has been  w e l l  s t u d i e d ,  and o f f e r s  b o t h  
program growth p o t e n t i a l  and i n s u r a n c e  a g a i n s t  t h e  need for 
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drastic launch vehicle changes to accomodate unavoidable weight 
growth. 

As a general conclusion, the use of a small modular 
space station, launched on a T-IIIM is an attractive approach 
f r o m  the technical, scientific, and programmatic viewpoints. 

EDM 10 1 2-JAS-p ap 

E. D. Marion 

(/J. A. Schelke 
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